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The cultivation of the rickettsiae of European and routine typhus re- 
ported in a previous paper (1) has provided a new method whereby the 
pathogenicity of these two strains can be compared.  Previous studies 
on the pathogenicity of various strains have entailed a  comparison 
of the results obtained by injecting brain  emulsions and testicular 
washings.  The great difference in the number of rickettsiae in the 
suspensions from the tunica vaginalis and brain makes such a  com- 
parison not altogether satisfactory.  It was thought that more reliable 
results could be obtained by studying both strains in cultures prepared 
in the same manner.  The possibility of the European typhus virus 
undergoing a transformation toward the murine type as the result of 
prolonged cultivation in a medium containing tunica tissue also seemed 
worth investigating during the course of this work (Mooser et al. (2)). 
Technique 
Initiation  of Cultures of European Typhus Rickettsiae.--Guinea  pig  1-16, which 
had been inoculated with European typhus (Breinl strain  1) was sacrificed 6 days 
after injection, just as the febrile reaction had begun, the temperature being 39.7°C. 
The testicles,  aseptically excised,  showed a  slight amount of thin exudate and a 
few petechiae.  Stained preparations of this exudate revealed a few typical intra- 
cellular  rickettsiae.  The  tunica  was  stripped  from  the  testicles,  minced  with 
scissors,  then ground with a  small amount of sterile  saline.  The turbid liquid 
thus obtained was used to inoculate normal minced tunica for the initial cultures 
of this strain. 
Initiation  of Cultures of Murine Typhus Rickettsiae.--This  has been described in 
a previous report (1). 
Cultures.--The  tunica-serum-Tyrode medium was used in these cultures which 
were prepared, stoppered, and incubated at 37°C. as previously described (1, 3). 
1 This strain  was very kindly furnished by the United  States  Public Health 
Service at Washington, D. C. 
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Tests for Virulence.--The inoculation of guinea pigs with culture material has 
likewise been described in the previous papers. 
EXPER~NTAL 
In order to determine the virulence and pathogenicity of the cultures, a portion 
of a single flask of culture material was injected intraperitoneany into guinea pigs. 
The European strain has been carried in cultures for 1½ years through 36 genera- 
tions, while the routine strain has been carried for over 4 years through 82 genera- 
tions.  Giemsa stained  preparations  from  the  first  generation  cultures  of the 
European strain, after 1 week's incubation, showed as many rickettsiae as initial 
cultures of murine strains.  Beginning with the second culture  generation, when 
the rickettsiae became very numerous, they have not diminished in either strain. 
Both strains were transferred at intervals varying from 1 to 10 weeks, the cultures 
being kept either at 37°C. or in a freezing box in which the temperature was main- 
talned at -10  ° to -20°C. (3). 
It will be noted from Table I that the febrile reaction and incubation 
periods following the intraperitoneal injection of culture material from 
each strain showed very little variation from the first few to the later 
generations in culture, whence it may be concluded that the virulence 
of  the  cultures  remained  quite  constant  throughout  the  period  of 
cultivation represented in Table I, i.e., 1 year for the European and 4 
years for the murine strain. 
The pathogenicity  of the murine  strain  has remained  remarkably 
constant  throughout  the 4  years of cultivation.  In the case of the 
European strain, the scrotal lesions produced by culture material were 
distinctly more severe than those observed in guinea pigs inoculated 
with brain emulsions of the corresponding passage strain (cf. Table III), 
probably  because  the  number  of  rickettsiae  present  in  the  culture 
material injected is much greater than in the customa~ inoculum of 
brain emulsions as used for carrying European typhus in guinea pigs. 
However, it will be noted that  after the  19th  generation  in culture, 
the serotal lesions seemed to become somewhat less intense, although 
the  febrile reactions  were fully as  severe as in  the  earlier  cultures. 
Whether this signifies a real change in pathogenicity of the rickettsiae 
as  the  result  of  prolonged  cultivation  in  vflro  will  require  further 
investigation. 
Since the dose of injected rickettsiae was great, producing marked 
scrotal lesions, it was thought that a  more definite evaluation of the 
pathogenicity  of  the  rickettsiae  after  cultivation  in  vitro  could  be CLA_R~  NZO0  343 
TABLE  I 
Virulence and Pathogenicity  of Successive Generations  of Cultures of European and 
Murine Typhus 
Guinea pigs inoculated with emulsions of brain 
Guinea pigs inoculated with culture material  from others infected with culture material 
~o  .~  Scrotal reaction  .~'~ 
.~  ~  I~.~1 
Scrota] reaction 
Cultures of European Typhus 
days 
1-31 
8--44 
7--48 
1-36 
1-60 
1-59 
2-11 
2-12 
2-39 
2-40 
2-47 
2--48 
2-78 
2-88 
2-89 
3.02 
3-03 
3.07 
3-06 
3-13 
1  ~0 
1  40.2 
3  g).5 
3  39.9 
6  i0.6 
6  40.7 
8  ~0.5 
8  il 
12  39.8 
12  g).2 
13  ~0.6 
13  ~0.4 
17  g).3 
19  ~0.3 
19  t0.~ 
21  g).2 
21  g) 
22  tO 
22  10.2 
23  l0 
days 
7 
5 
5 
5 
8 
3 
3 
3 
6 
6 
3 
3 
5 
Marked 
Moderate 
cl 
Marked 
Moderate  to 
marked 
Marked 
~¢ 
Moderate 
c¢ 
None 
Moderate  to 
marked 
Marked 
Moderate  to 
marked 
Marked 
Moderate 
Slight 
None 
Moderate 
None 
1-71  1/lC 
12-19  i/lC 
12-20  1/5 
'2-58  1/5 
2-59  1/1(1 
'2-82  1/5 
2-83  1/1(] 
'2-92  1/5 
,203  1/1(1 
'2-94  1/5 
2-95  1/1(1 
'3-18  1110 
3-19  1/5 
°C.  ays 
4O  8 
40.5  LO 
41  L2 
q).5  6 
40.4  LO 
~0.3  8 
10.6  6 
41  9 
iO  9 
10.5  8 
t0.4  7 
10.2  9 
~0.4  9 
None 
Slight to mod- 
erate 
None 
c~ 
Moderate 
Slight 
None 
Slight to Nod- 
erate 
None 
Slight to mod- 
erate 
* The figures in this column refer to the fraction of the entire brain, injected as 
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TABLE  I--Concluded 
Guinea pigs inoculated  with emulsions of brain 
Guinea pigs inoculated with culture material  from others infected with culture material 
legal 
Scrota] reaction 
~.~e 
~  "~_~ 
•  ~  ~  I o~l 
z~al 
-a~ ~ 
I 
Scrotal reaction 
3-12 
3-26 
3-27 
3-39 
3-40 
3-59 
°c. 
23  40 
25  40.6 
25  41 
27  40 
27  40.2 
29  40.3 
days 
4 
4 
Cultures of Euro ~ean Typhus--Continued 
days 
None 
Moderate 
Slight to mod- 
erate 
Moderate 
days  *C. 
I 
I 
I 
3-30  1/5  140.2 
1  3-31  1/5  140.4 
3-32  1/10140.5 
3-45  1/10140.7 
None  ,3-46  1/5  40.2 
1  3-62  1/5  40 
3-63  1/1038.8 
7 
8 
11 
6 
12 
None 
Slight 
None 
Moderate 
None 
Cultures of Murine Typhus 
40-50 
47-12 
47-20 
25-35 
33-65 
33-62 
34-70 
35-13 
35-68 
36-80 
38-62 
39-31 
43-79 
47-04 
51-88 
10.5  6 
10  6 
10.6  4 
10.1  6 
10.5  7 
10.8  7 
1  10.4  6 
1  t0.4  6 
2  t1.1  3 
2  11  3 
3  10.3  7 
3  10.7  5 
52  IO.5  3 
6  10.~  5 
7  10A  3 
Marked 
Moderate 
Marked 
c~ 
c~ 
Moderate 
Marked 
46-42  I/5  [4o.2[  5 
46-75  5 
51-92  1/5  40.7 
1/10 39.8  9 
[51-93  1/5  40.5  8 
Marked 
Moderate 
Moderate  to 
marked 
Marked CLARA NIGG  345 
obtained by transferring the infection produced by the injection of 
culture material to other guinea pigs, by injecting a measured amount 
of brain tissue.  In Table I, it will be noted that when the culture virus 
was carried through the first guinea pig into the second (by means of 
brain  emulsions)  the  febrile reactions in the  second series of  both 
strains were on the whole as pronounced or greater than in the first 
series which had been injected with culture material.  This would 
seem  to  indicate that  virulence was  maintained  for  at  least  two 
generations of guinea pigs although the European strain showed an 
apparent diminution in the intensity of the scrotal reactions in the 
second generation. 
The  question  of  altered  pathogenicity  consequent  to  prolonged 
cultivation in vitro was more extensively studied in experiments sum- 
marized in Table H.  It will be seen that the culture material from 
the 23rd generation of the European strain produced in guinea pig 3-13 
a  typical febrile reaction with moderate scrotal involvement.  The 
brain of this animal, injected into guinea pigs 3-18 and 3-19 produced 
slightly higher temperatures, but the scrotal reaction was less intense 
in one animal and entirely absent in the other.  Brain transfers into 
the 3rd generation animals (Nos. 3-22 and 3-23) and likewise into the 
4th  (Nos.  3-24  and  3-25) resulted in febrile  reactions and  scrotal 
lesions about like those in the animal (No.  3-13) infected with the 
culture material.  Similar results were obtained with the 25th genera- 
tion cultures carried through six guinea pig generations, with the 27th 
generation cultures carried through four guinea pig generations, and 
with  the  29th  generation  cultures  carried through five guinea pig 
generations.  In general, the intensity of the scrotal lesions, after the 
19th  generation  in  culture,  did  not  vary  significantly  from  that 
observed in the passage strain (cf. Table III). 
A similar experiment with the murine strain was begun with the 
27th culture generation, injected into guinea pig 36-80, and continued 
through five generations of guinea pigs.  It will be noted from Table II 
that the amount of brain used for transferring the infection in this 
experiment was gradually diminished from 1/5 to 1/160 part of the 
whole brain.  In spite of the decreased dosage, the febrile reactions, 
incubation periods, and the scrotal lesions remained, on the whole, 
unaltered.  This  experiment would seem to  show that  the murine TABLE  II 
Virulence and Pathogenicity of Cultures of European and Murine Typhus in Successive 
Generations of Guinea Pigs 
]  Intervsl  [  between  ~  Interval 
Genera-  Guinea  Amount of  Maximum  injection  ]  between 
tlon of  pig No.  brain  tempera-  and  [  Scrotal reaction  maximum 
temperature  culture  injected  ture  temperaturemaXimum  }  and transfer 
European Typhus 
23 
25 
27 
3-13 
3-19 
3-18 
3-22 
3-23 
3-24 
3-25 
3-27 
,L 
3-30 
3-32 
3-31 
3-37 
3-38 
3..44 
3-43 
3-47 
3-48 
3-53 
3-54 
3-39 
3-46 
3-45 
1 
3-52 
3-51 
3-57 
3-5~ 
1/5 
l/lO 
1/10 
1/5 
l/5 
1/lO 
1/5 
1/lo 
1/5 
1/5 
1/lo 
1/5 
1/lO 
1/5 
1/lO 
1/10 
1/5 
1/5 
1/lO 
1/5 
1/lO 
1/10 
1/5 
°C. 
40 
40.4 
40.2 
40 
39.8 
40.3 
40.4 
41 
40.2 
40.5 
40.4 
40.2 
40.8 
40 
40.2 
40.2 
40.5 
40.5 
40.6 
40 
40.2 
40.7 
40.2 
40.6 
40 
40.6 
days 
3 
9 
9 
7 
6 
8 
8 
6 
7 
11 
8 
5 
7 
7 
8 
9 
9 
7 
7 
2 
12 
6 
9 
9 
7 
8 
Moderate 
Slight  to  moderate 
None 
Slight 
Slight to moderate 
None 
Moderate 
None 
Slight 
None 
Moderate 
Slight 
None 
Slight 
Moderate 
Slight 
Slight to moderate 
None 
Slight to moderate 
None 
Slight 
Moderate 
days 
3 
None 
None 
None 
None 
None 
None 
* Brain of guinea pig 3-31 was frozen for 4 days before injecting  into guinea pigs 
3-37 and 3-38. 
Indicates transfer of infectipn from the guinea pig above to those dir~tly 
below this symbol. 
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TABLE  II--Concluded 
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Interval  Interval 
between  [  between  Genera-  Guinea  Amount  of  Maximum  injection  Serotal reaction  mammum 
tion of  pig No.  brain  tempera-  and  temperature 
culture  injected  ture  maximum 
temperature  and transfer 
European typhus--Continued 
d~ys  days 
29  7  1  3-59 
3-63 
3-62 
3-66 
3-67 
3-71 
3-70 
3-74 
3-75 
1/10 
1/5 
1/lO 
1/3 
1/10 
1/5 
1/10 
1/5 
°C. 
40.3 
38.8 
4O 
4O 
40.5 
4O 
40.2 
39.8 
40.5 
7 
7 
9 
9 
7 
15 
7 
Moderate 
None 
Moderate 
None 
Marked 
Murine Typhus 
27  2  36-80 
36-81 
36-82 
36-94 
36-95 
37-56 
37-57 
37-64 
37-65 
37-77 
37-78 
1/5 
1/lO 
1/10 
1/2o 
1/lo 
1/2o 
1/20 
1/2o 
1/8o 
1/15o 
4O 
39.9 
40.4 
39.8 
40.8 
40.4 
40.5 
40.4 
4O 
40.4 
40.5 
3  Marked 
8 
11  " 
10  None 
10  Marked 
9 
9 
11  " 
11  " 
11  " 
11  Moderate 
None 
None 
None 
typhus is characterized by a definite predilection for the tunica tissue 
in guinea pigs, since much larger doses of brain  (i.e.  rickettsiae)  in 
European  typhus  almost  never  show  such  intense  scrotal  lesions. 
Since the brain lesions are distinctly less numerous (judging from histo- 348  CULTURE  STRAINS  OF EUROPEAN  AND  M-tt~RINE TYPHUS 
logical sections) in murine typhus in guinea pigs than in European 
typhus (4, 5), it has been quite generally held that a measured amount 
of  brain  emulsion of  the  former  contains  correspondingly  fewer 
rickettsiae, so that injection of brain from guinea pigs infected with 
murine typhus might result therefore in milder infections than  the 
TABLE  IH 
Successive Brain Transfers of the Passage Strains of European and ]ff  urine Typhus 
]  [ Interval  between 
Amount  of brain  Maximum  Scrotal reaction  maximum  Guinea  pig hTo.  injected  temperature  temperature and 
transfer 
European Typhus 
2-35 
2-46 
2-45 
2-54 
2-53 
2-65 
2-64 
2-70 
2-71 
2-77 
2-76 
2-81 
2-80 
2-84 
2-85 
2-86 
2-87 
2-91 
2-90 
2-98 
2-99 
1/10 
1/5 
1/10 
1/5 
1/i0 
1/5 
1/10 
1/10 
1/5 
1/5 
1/10 
1/15 
1/lO 
1/lO 
1/5 
1/5 
1/1o 
1/5 
1/lO 
1/10 
1/5 
~° 
40.2 
0 
39.8 
40.6 
40.2 
39.8 
39.8 
40.2 
40.6 
40 
40.2 
38.6 
40.4 
40 
40 
40 
40.2 
40.2 
40.4 
40.4 
40.4 
None 
Slight to moderate 
None 
Slight to moderate 
Slight 
None 
Moderate 
Slight to moderate 
None 
Slight to moderate 
None 
Moderate 
Slight 
None 
Slight to moderate 
None 
days 
3 
None 
None 
None 
None 
None 
None 
None CLARA NIGG 
TABLE  III--Concl~ed 
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Interval between 
Guinea pig No.  Amount of brain  Maximum  Scrota] reaction  maximum 
injected  temperature  temperature and 
transfer 
Murine Tyl hus 
days 
51-96 
54-38 
53-33 
55-01 
55-02 
55-07 
53-44 
54-69 
55-08 
54-64 
55-09 
55-11 
54-98 
54-97 
55-13 
56-25 
55-15 
55-18 
56-31 
55-23 
55-22 
eC. 
40.4 
1/10  40.2 
1/5  41.5 
1/10  40.2 
1/5  40.2 
I/I0  40.2 
1/5  40.6 
1/5  40.4 
1/10  40.5 
1/5  39.6 
1/10  40.3 
1/10  40.2 
1/3   o.2 
1/5  40.2 
1/10  40.2 
1/5  40.4 
1/10  40.4 
1/5  40.5 
1/lO  40 
1: 
1/10  40 
Marked 
Slight 
Marked 
Slight to moderate 
Marked 
~c 
lc 
~c 
None 
Moderate 
Marked 
Slight 
Moderate 
Slight to moderate 
Moderate 
Moderate to marked 
Slight 
Marked 
None 
same dose of European  typhus brain.  This,  however, as seen from 
the foregoing, was not the  case. 
To determine whether the intensity of the scrotal lesions observed 
for the murine typhus as summarized in Table  II  was possibly due 
to an enhancement of the virulence consequent  upon  prolonged  cul- 
tivation  in  a  medium  containing  tunica  tissue,  a  comparison  was 350  CULTURE  STRAINS  OF  EUROPEAN  AND  M-URINE  TYPHUS 
made of the passage strains of murine and European typhus.  Each 
strain was carried through 10 successive generations of guinea pigs, 
using the same dosage of brain emulsions for the inoculations in both 
series.  The results are summarized in Table III.  In the European 
typhus series, scrotal lesions were entirely absent in about half of the 
animals and in the remainder distinctly less severe  than  in  routine 
typhus.  In the routine series, guinea pig 55-22, representing the 10th 
successive transfer by means of brain material, showed just as marked 
scrotal lesions as animals regularly injected with tunica material rich 
in  rickettsiae.  Indeed,  a  careful  examination  of  the  data  in 
Table III would seem to indicate that the pathogenicity was rather 
enhanced in  successive passages.  For  the  first  few  transfers,  1/5 
brain produced more severe infections quite regularly than 1/10 brain, 
whereas in  the later  generations more severe  infections seemed to 
be produced by 1/10 brain.  That a larger inoculum should induce a 
milder infection than a smaller one is perhaps explicable on the assump- 
tion  that  in  the larger  inoculum there may be  a  relatively  higher 
antibody content.  These experiments show that the scrotal lesions 
observed  upon  successive  transfers  of  the  murine  culture  strain 
through guinea pigs (cf. Table II) are typical of the passage strain 
and  are  not  to  be  ascribed  to  enhancement of  virulence  during 
cultivation. 
Thus it would seem from the experiments summarized in Tables I, 
II, and III that scrotal lesions are conditioned not only by the number 
of rickettsiae injected but also quite definitely by an inherent patho- 
genic property, characteristic of the routine strains. 
SUMM~RY 
1.  A strain of European typhus (Breinl) has been carried in cultures 
by means of successive transfers for a period of 1] years, the rickettsiae 
in  such cultures being quite as numerous as  in  similar cultures of 
murine strains of typhus. 
2.  The virulence of the cultures of European typhus has remained 
constant throughout the period of cultivation, although, on the whole, 
the scrotal lesions caused by the later culture generations were some- 
what less marked than those produced by the first generations. CLARA NIGG  351 
3.  A strain of murine typhus has been similarly carried in cultures 
for 4 years with no apparent loss in pathogenicity. 
4.  The characteristic scrotal lesion in routine typhus in guinea pigs 
is apparently  referable  to  actual  predilection of this  strain  for the 
tunica tissue rather than to the number of rickettsiae injected. 
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